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ABSTRACT
We examine the near-infrared (NIR) emission from low-luminosity AGNs (LLAGNs). Our galaxy
sample includes 15 objects with detected 2-10 keV X-ray emission, dynamical black hole mass esti-
mates from the literature, and available Gemini/NIFS integral field spectroscopy (IFU) data. We find
evidence for red continuum components at the center of most galaxies, consistent with the hot dust
emission seen in higher luminosity AGN. We decompose the spectral data cubes into a stellar and
continuum component, assuming the continuum component comes from thermal emission from hot
dust. We detect nuclear thermal emission in 14 out of 15 objects. This emission causes weaker CO
absorption lines and redder continuum (2.05−2.28µm) in our K-band data, as expected from hot dust
around an AGN. The NIR emission is clearly correlated with the 210 keV X-ray flux, with a Spear-
man coefficient of rspearman = 0.69 suggesting a > 99% significance of correlation, providing further
evidence of an AGN origin. Our sample has typical X-ray and NIR fluxes 3 − 4 orders of magnitude
less luminous than previous work studying the NIR emission from AGN. We find that the ratio of NIR
to X-ray emission increases towards lower Eddington ratios. The NIR emission in our sample is often
brighter than the X-ray emission, with our K band AGN luminosities comparable to or greater than
the 2-10 keV X-ray luminosities in all objects with Eddington ratios below 0.01%. The nature of this
LLAGN NIR emission remains unclear, with one possibility being an increased contribution from jet
emission at these low luminosities. These observations suggest JWST will be a useful tool for detecting
the lowest luminosity AGN.
1. INTRODUCTION
One of the most important discoveries of the last two
decade in astrophysics was the realization that galax-
ies hold extremely massive black holes in their centers,
supermassive black holes (SMBH). These SMBH have
masses ranging from million to billion times the mass of
the sun and located at the center of the galaxy. Observa-
tions of inferred SMBH masses (M•) show a correlation
Corresponding author: Antoine Dumont
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between them and the mass of the galaxy bulge (Mbulge)
(e.g. Ha¨ring & Rix 2004), as well as SMBH growth rate
and star formation of the host galaxy. This suggests that
they grew in lockstep. This relation between SMBH and
galaxy bulge is expected to come from radiation pressure
feedback, is not thought to be caused gravitational influ-
ence; the mass of the SMBH is very small compared to
the galaxy bulge ( M• ∼ 0.3%Mbulge) (McConnell & Ma
2013). The radiation is produced by gas and dust that
is under the gravitational force of the SMBH, forming
a disk of in-falling material (i.e. ’Accretion disk’) that
gets compressed and heated up due friction, emitting
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light across the electromagnetic spectrum, and consti-
tuting what is called an Active galactic-Nucleus (AGN).
AGN activity can give us insights on SMBH growth,
SMBH formation history, and SMBH demographics.
The Eddington luminosity (Ledd) sets the maximum
radiation pressure that gas in the outer layers of the
accretion disk can experience before losing gravitational
cohesion and being blown away. Ho (2009) using the
Palomar survey show that locally, most massive galaxies
have detectable 2-10 keV X-ray emission at their centers,
but only a few percent of these accrete at the rates of
bright AGN with Eddington ratios log(Lbol/Ledd) > −2.
Thus, a vast majority of galaxies in the local universe
are therefore low-luminosity AGNs (LLAGN).
LLAGNs, besides being more numerous, are also ob-
served to have a different Spectral Energy Distribution
(SED) than their bright counterparts, showing an ex-
cess of emission at radio and infrared wavelengths (Ho
2008), indicating that they are not just a scaled down
version of brighter AGN and a different accretion mech-
anism could be associated with them; when the accre-
tion rate of the SMBH is very small e.g. Lbol  Ledd,
the optically thick geometrically thin disk is believed
to change to a optically thin geometrically thick radia-
tively inefficient quasi-spherical state called RIAF or ra-
diatively inefficient accretion flow (see Quataert (2001)
for a comprehensive review). The accretion disk of an
AGN typically peaks at the UV and optical wavelengths.
These UV/optical photons according to the AGN unified
model (Antonucci 1993; Krolik & Begelman 1988) can
be scattered-up by inverse-Compton scattering in a hot
corona surrounding the “accretion disk” producing AGN
X-ray emission (Haardt et al. 1994). X-rays have widely
been used as a AGN tracer since it suffers from less
absorption than UV/optical photons. The UV/optical
photons that are absorbed by dust surrounding the ac-
cretion disk (the so-called torus) are re-emitted at in-
frared (IR) wavelengths. Synchrotron emission from
AGN jets can also contribute across wavelength, espe-
cially for ”radio loud” AGN (Yuan & Cui 2005; Perlman
et al. 2007; Mason et al. 2012; Prieto et al. 2016). A
tight correlation is seen between the AGN emission at
mid-IR wavelengths and X-ray wavelengths (Levenson
et al. 2009; Gandhi et al. 2009; Mason et al. 2012; Asmus
et al. 2015). This correlation, together with a similarity
of the luminosities, and the presence of a thermal com-
ponent in the AGN spectra at mid-infrared wavelength
with a temperature of ∼ 300 K are all well explained
by the torus model (Prieto et al. 2010). In this scenario,
the mid-IR emission is a result of disk reprocessing, and
thus shares the accreting central SMBH as origin with
the reprocessed X-ray emission. The mid-IR–X-ray cor-
relation appears to break down in the highest luminosity
AGN (Stern 2015), which may be due to a reduction in
the size of the corona or a change in the covering fraction
of obscuring material (Toba et al. 2019).
Less understood is the near-infrared (NIR) emission
from AGN. This NIR emission is more affected by ob-
scuration than in the mid-IR, and stellar contamination
is a greater challenge. Early observations showed the
presence of bright NIR point sources associated with lu-
minous AGN (Kotilainen et al. 1992; Quillen et al. 2001;
Alonso-Herrero et al. 2001). This emission may arise at
the dust sublimation radius, where dust can be heated
up to 2000 K (Laor & Draine 1993; Kobayashi et al.
1993; Alonso-Herrero et al. 1996; Riffel et al. 2009; Kishi-
moto et al. 2011). This NIR emission also seems to be
correlated with X-ray emission (Kotilainen et al. 1992;
Alonso-Herrero et al. 1996; Civano et al. 2012; Burtscher
et al. 2015; Mu¨ller-Sa´nchez et al. 2018), supporting this
dust emission picture. In lower luminosity systems, the
development of NIR integral field spectrographs has en-
abled spectral separation of stellar and AGN emission
(Davies et al. 2007; Riffel et al. 2010; Seth et al. 2010;
Seth 2010; Burtscher et al. 2015; Mu¨ller-Sa´nchez et al.
2018). More specifically, these studies have used the
dilution of the CO(2,0) bandhead at 2.3µm and the
slope of the K-band spectra to disentangle the non-
stellar NIR emission from AGN activity from stellar
(along with some earlier studies with the use of long-slit
spectra (Ivanov et al. 2000; Imanishi & Alonso-Herrero
2004)). The dilution and spectral reddening is found at
the galaxy center, as expected from AGN activity. Fur-
thermore, reverberation and NIR interferometric mea-
surements have shown sizes of <0.1 pc for this emission
in some nearby bright AGN (Minezaki et al. 2006, 2004;
Suganuma et al. 2006; Kishimoto et al. 2011; Mandal
et al. 2018; Gravity Collaboration et al. 2018). The ge-
ometry of the system can also constrain the physical
mechanism of the NIR emission. The NIR emission has
been found to be elongated along the accretion direction,
suggestive of the source being hot dust on the inner edge
of the torus (Minezaki et al. 2004, 2006; Suganuma et al.
2006; Kishimoto et al. 2011; Weigelt et al. 2012). On
the other hand, resolution of the mid-IR data using in-
terferometric measurements shows elongation along the
polar direction, which has been used to suggest the mid-
IR emission comes from dust emission in the outflowing
wind (Ho¨nig et al. 2012; Lo´pez-Gonzaga et al. 2016),
challenging the early assumed torus model. These stud-
ies have all been done on bright, high accretion rate
AGN.
Here, we focus on studying the NIR AGN emission
in a sample of nearby LLAGN (we define objects with
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Lbol/Ledd ≤ 10−3 as LLAGN). Two galaxies in this
luminosity range have previously been found to have
surprisingly strong NIR emission relative to their X-ray
emission (Seth et al. 2010; Seth 2010). However, larger
samples of NIR emission have been restricted to AGN
with Lbol & 1041 ergs/s (Burtscher et al. 2015; Mu¨ller-
Sa´nchez et al. 2018). In this work, we study the NIR
AGN emission and its relation to X-ray emission in a
large sample of LLAGN. By using a sample with dy-
namical BH masses, we also can study the dependence
of this NIR emission on accretion rate.
This paper is organized into 5 sections. In Section 2 we
describe the sample selection and observations. Section
3 describes our two methods to obtain NIR fluxes, and
we present maps of the derived NIR emission. Section
4 Compares our NIR fluxes estimates with 2-10 keV X-
ray nuclear fluxes, and the relation of NIR fluxes with
Eddington ratio. In Section 5 we discuss some other
possible explanations for the origin of the thermal NIR
fluxes. Finally, Section 6 we discuss our results and
conclude.
2. DATA & SAMPLE SELECTION
To study the NIR emission from low-luminosity AGN
(LLAGN) we focus on adaptive optics integral field data
of nearby galaxies. The high resolution of these obser-
vations can help us separate out the AGN and stellar
emission from these high surface-brightness nuclei.
We constructed our galaxy sample shown in Table 1
by finding galaxies meeting the following conditions:
• An available dynamical SMBH mass in the litera-
ture (Seth et al. 2010; Seth 2010; She et al. 2017;
Saglia et al. 2016; Nguyen et al. 2018; Krajnovic´
et al. 2018).
• An available 2-10 keV X-ray luminosity estimate;
this was used then to restrict the sample to only
LLAGN with Lbol/Ledd ≤ 10−3. We assumed a
ratio of Lbol/L2−10keV = 16 from Ho (2008) in
calculating the bolometric luminosity.
• Data in the Gemini/NIFS archive. We also tested
using data from VLT/SINFONI, but found instru-
mental effects in the relative flux calibration that
prevented simple interpretation of the results.
This resulted in the sample of 15 objects; the summary
of their properties of is shown in Table 1. We also in-
clude the higher Eddington ratio source NGC4395 to
provide context. At these low Eddington ratios, objects
typically do not host any broad lines (Ho 2008; Elitzur
et al. 2014), and indeed NGC4395 is the only object to
host a number of broad lines (although broad Hα is also
seen in NGC4258). However, other indicators of AGN
activity apart from the X-ray emission are found in most
of these galaxies – these are summarized in the last col-
umn of Table 1. The X-ray emission in these galaxies is
likely due to AGN activity. Although emission from X-
ray binaries is a possible contaminant, the level of this
contamination (even at the low luminosities) of our sam-
ple is expected to be small (e.g. see discussion in Miller
et al. 2012). This is particularly true because the X-ray
fluxes considered here are all from observations with the
Chandra telescope, whose high resolution (FWHM∼0.′′5
Weisskopf et al. 2002) significantly reduces the possibil-
ity of X-ray binary contamination in these nearby galax-
ies (median distance of 16.5 Mpc). We included NGC404
in our final sample even though it only has an SMBH
mass upper limit (and thus lower limit on the Eddington
ratio), since Seth et al. (2010) detected strong NIR hot
dust emission in this object. Two other galaxies in this
sample have previous NIR hot dust flux measurements;
we discuss these in Section 3.4. (Seth 2010; Burtscher
et al. 2015).
2.1. Data reduction
The data reduction for the Gemini/NIFS data was
done with a combination of IRAF and IDL scripts as
described in Seth et al. (2010) and pipelined by Walsh,
J. private communication. This pipeline is based on the
IRAF packages for Gemini/NIFS NIFSEXAMPLES
scripts; individual Gemini/NIFS scripts have been al-
tered to enable variance propagation, and the final in-
dividual and combined cubes are created using custom
IDL packages. Each object was corrected for telluric ab-
sorption using an AV star that is masked to remove the
Brγ absorption line at 2.16 µm.
2.2. Flux calibration
We performed photometry on the telluric calibrator
to create a flux calibrated spectra that could be used
later to calibrate the galaxy cubes. We make use of
the accurate 2MASS Ks magnitudes of our telluric star
to obtain a spectral flux calibration for the NIFS data.
More specifically, we multiply our telluric cube by a
9500 K blackbody and take the flux at the mean wave-
length of the 2MASS Ks filter (the ”isolambda”) and
use the 2MASS magnitude to get a conversion factor
from counts to erg s−1 cm−2 A˚−1. The flux calibrated
spectra is then applied to the data cubes by multiplying
each spatial pixel by the 9500K blackbody curve and
the conversion factor.
For simplicity, we used the HIP 1123 (A1V ) telluric
taken with NGC 404 for our flux calibration. We then
checked to make sure the photometric calibration did
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Table 1. summary of objects
Galaxy name BH Mass BH Mass method NED distance 2-10 keV X-ray flux Lx 2-10keV log10 (Eddratio) AGN
Mpc (erg/s cm2) (erg/s) activity
M32 2.50e+ 06(a) stellar 0.76 1.04e− 14(g) 35.86 −7.42 R(r)
M60-UCD1 2.10e+ 06(b) stellar 16.50 3.30e− 16(f) 37.03 −6.18
NGC404 < 1.50e+ 05(c) stellar 3.79 2.67e− 14(j) 37.66 > −4.40 L2(m,p)
NGC4762 5.00e+ 07(d) stellar 16.26 1.92e− 15(k) 37.78 −6.82 L2(p), R(q)
NGC4434 9.00e+ 07(d) stellar 22.74 1.70e− 15(k) 38.02 −6.82
NGC821 1.86e+ 08(e) stellar 26.28 4.30e− 15(g) 38.55 −6.61 A(p)
NGC4736 7.00e+ 06(e) stellar 5.10 1.61e− 13(g) 38.70 −5.02 L2(m,p), R(q)
NGC4339 6.50e+ 07(d) stellar 16.67 1.86e− 14(g) 38.79 −5.91 A(p)
NGC4486B 4.00e+ 08(e) stellar 15.36 3.43e− 14(g) 38.98 −6.51
NGC4552 5.00e+ 08(e) stellar 16.47 9.23e− 14(i) 39.47 −6.11 T (p)R(l,q)
NGC4395 1.07e+ 04(f) stellar 4.22 3.21e− 12(g) 39.83 −1.08 Sy1.8(m,p)
M104 7.00e+ 08(e) stellar 11.32 6.64e− 13(g) 40.00 −5.71 R(l), Sy2(m)
NGC4486 6.00e+ 09(e) stellar 16.74 9.85e− 13(g) 40.52 −6.16 RJ(n,q), L(m)
NGC4258 4.00e+ 07(e) maser 7.27 9.06e− 12(g) 40.75 −3.71 L1.9(p)RJ(n)
NGC3393 2.00e+ 07(e) stellar 49.20 2.26e− 13(g) 40.81 −3.27 Sy2(m)
Note—References for Black hole Masses: (a)Verolme et al. (2002), (b)Seth et al. (2014),(c)Nguyen et al. (2018),(d)Krajnovic´
et al. (2018),(e)Saglia et al. (2016),(f)She et al. (2017), Reference for absorption corrected 2-10 keV X-ray fluxes: (g)She
et al. (2017),(h)Ahn et al. (2018),(j)Binder et al. (2011),(k)Gallo et al. (2010),(i)(Gu¨ltekin et al. 2019), References for AGN
activity:(l)Healey et al. (2007),(m)Ve´ron-Cetty & Ve´ron (2006),(n)Liu & Zhang (2002),(p)Ho et al. (1997),(q)Nagar et al.
(2005),(r)Yang et al. (2015) “L” represents LINER,“S” represents Seyfert, “T” represents objects with a LINER + H II
type region spectrum, and “A” indicates absorption-line spectrum as detailed in Ho et al. (1997). “R” indicates nuclear radio
emission, and “RJ” labels radio jet emission as described in Liu & Zhang (2002); Nagar et al. (2005).
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Table 2. Gemini/NIFS K-band observations
Object Program ID UT date Exp. time Adaptive optics PI
(s)
M32 GN-2005B-SV-121 2005 Oct. 23 8 x 600(s) NGS N.A
M60-UCD1 GN-2014A-Q-4 2014 Feb. 20 4 x 900(s) LGS Seth(a)
GN-2014A-Q-4 2014 May. 13 2 x 900(s) LGS Seth(a)
NGC404 GN-2008B-Q-74 2008 Sept. 21 4 X 760(s) LGS Seth(b)
GN-2008B-Q-74 2008 Sept. 22 4 X 760(s) LGS Seth(b)
NGC4762 GN-2010A-Q-19 2010 Feb. 26 6 x 600(s) LGS Krajnovic(c)
NGC4434 GN-2009A-Q-54 2009 May 08 8 x 600(s) LGS Krajnovic(c)
NGC821 GN-2012B-Q-89 2012 Dec. 29 16 x 90(s) LGS Scott
NGC4736 GN-2011A-Q-68 2011 May 24 4 x 500(s) LGS Constantin(d)
NGC4339 GN-2010A-Q-19 2010 Apr. 24 6 x 600 LGS Krajnovic(c)
NGC4486B GN-2006B-SV-103 2007 Jan. 07 18 x 85(s) NGS Davidge(e)
NGC4552 GN-2013A-Q-58 2013 May 30 4 x 600(s) LGS McConnell
NGC4395 GN-2010A-Q-38 2010 Mar. 28 4 x600(s) LGS Seth(f)
M104 GN-2011A-Q-83 2011 Feb. 10 6 x 640(s) NGS Steiner(g)
NGC4486 GN-2008A-Q-12 2008 Apr. 16 4 x 600(s) LGS Richstone
NGC4258 GN-2007A-Q-25 2007 Apr. 30 10 x 600(s) NGS Storchi-Bergmann(h)
NGC3393 GN-2012A-Q-2 2012 Apr. 11 4 x 600(s) LGS Wang
Note—Adaptive Optics: NGC and LGS stand for “natural guide star” and “laser guide star” respectively
. References: (a)Seth et al. (2014),(c)Krajnovic´ et al. (2018),(d)Constantin & Seth (2012),(e)Davidge et al. (2008),(f)Seth et al.
(2008),(g)Menezes et al. (2013),(h)Winge et al. (2009)
not change significantly from object-to-object. We did
this by taking the 2MASS point-source catalog magni-
tude of each nucleus, and compared this to synthetic
photometry measured from our images by multiplying
by the 2MASS filter response function in an aperture of
1.5” radius. We found a standard deviation of 16% be-
tween our fluxes and the 2MASS catalog; in practice our
errors in fluxes derived are larger than this in all cases,
and so the systematic errors from the flux calibration
are not significant for our results.
2.3. PSF estimation
Our Gemini/NIFS data is all taken with adaptive op-
tics (see Table 2). In these observations, the PSF is of-
ten complex, with a nearly diffraction limited core and
a halo corresponding roughly to the seeing. The PSF
has already been determined for some of our observa-
tions through relatively complicated modeling of HST
data or making models of the AGN emission (Seth et al.
2010; Seth 2010; Gebhardt et al. 2011; Seth et al. 2014;
den Brok et al. 2015). However, a detailed model of
the PSF is unnecessary here, as we just hope to esti-
mate the total flux of the NIR AGN emission in each
object. In many AGN, broad lines are used to mea-
sure the PSF (e.g. Davies et al. 2007), but these are
absent in almost all of our objects. The AGN contin-
uum emission itself can also provide an estimate of the
PSF, since the hot-dust emission is expected to be on
sub-pc scales (see introduction), and thus unresolved in
our observations. Indeed, the hot dust emission in M32
and NGC404 was found to roughly match the PSF de-
termined using other methods (Seth et al. 2010; Seth
2010), although jet emission could make the emission
non-pointlike (e.g. Gebhardt et al. 2011).
We estimate the PSF in each of our objects from our
derived hot dust emission maps (Section 3) with a single
Gaussian component. We use a single Gaussian because
(1) our measurements are not high enough signal-to-
noise to support a more complicated PSF model, and
(2) a simple model is all we need to ensure that we are
measuring most of the NIR AGN flux. Our fits find a
median Gaussian width σ = 0.′′096, with the maximum
being 0.′′179, corresponding to an FWHM of 0.′′42 arcsec.
The best-fit hot dust Gaussian σ for each object is listed
in Table 3. Based on this data we use an aperture of 0.′′3
radius to measure our fluxes (Section 3.2, 3.3), which
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should contain a majority of the AGN flux. NGC3393
with a FWHM of 0.′′42 is the only object with a FWHM
bigger than our 0.′′3 radius aperture. The total best-fit
AGN luminosity for NGC3393 is logLK = 40.85 [erg/s]
which is ∼ 17% higher than the flux listed in Table 3,
but for consistency we have opted to keep all our AGN
NIR fluxes with the same 0.′′3 radius aperture. We also
note that the AGN NIR emission appears to be signif-
icantly more compact than the stellar emission in our
galaxies, arguing against a stellar population source for
this emission (see Section 3.4 for more discussion).
3. DETECTING NIR AGN CONTINUUM
EMISSION
3.1. Evidence for AGN activity
In this section we discuss how we derive the AGN
continuum fluxes in the NIR. The light coming from the
central regions of the galaxy contains stellar emission
from the underlying stellar population, and in luminous
AGN, there is a thermal component from the IR repro-
cessing of more high energetic photons in the accretion
disk & torus. This thermal emission has temperatures of
600−1500K given by the sublimation temperature of the
dust (see introduction 1). Depending on how powerful
the AGN is, the thermal emission can dominate the to-
tal luminosity and virtually erase the stellar component.
This has been used to disentangle the hot dust emission
in luminous AGNs. For example, Burtscher et al. (2015)
used the dilution of the most prominent stellar feature
in the K-band, the CO bandhead at 2.3 µm to estimate
the fraction of the light in the spectra that was thermal
from AGN activity. They also used a separate SED de-
composition method to estimate the thermal emission,
where the spectra were fit by a stellar template plus a
blackbody. The hot dust flux was estimated by inte-
grating the blackbody over the bandwidth. They found
good agreement between both methods.
For LLAGNs the amount of NIR light from AGN ac-
tivity is small compared to the stellar light of the nu-
clear region, and we find that the dilution of the CO
bandhead is not as prominent. However, we see clear
changes in the continuum slope near the centers of many
galaxies that are not well fit by stellar templates alone.
This effect is clearly observed in Figure 1, where the
CO bandhead absorption line depth is plotted against
the fitted continuum slope between (2.05− 2.28 µm) for
each pixel in the IFU data of NGC4258 & NGC404 as
an example. We calculate the CO bandhead absorp-
tion line as defined in Kleinmann & Hall (1986). A
correlation is expected for stellar photospheres between
these two quantities, i.e. cooler stars have redder slopes
and deeper CO bandheads, and hotter stars have bluer
slopes and shallower CO bandheads (e.g. Bieging et al.
2002). On the other hand, AGN activity appears as an
anti-correlation in the plot displaying redder colors and
shallower CO bandhead depths (Seth 2010).
This effect motivates the use of a SED decomposi-
tion method to quantify the continuum emission. We
use stellar templates to model the stellar emission, and
a set of blackbody template models for the continuum
thermal AGN emission. For certain objects we found
a strong mismatch in the continuum between the stel-
lar templates and the spectrum, thus we used a second
method where an annular spectrum from the galaxy
itself was used as stellar template. We describe each
method in detail below.
3.2. Templates Method
We fitted the spectra at each pixel of the Gem-
ini/NIFS data using the Penalized Pixel-Fitting pPXF
routine (Cappellari 2017). pPXF requires a set of stel-
lar templates to model the spectrum of the galaxy. We
used a combination of blackbody templates with tem-
peratures running from 600 K to 1500 K to trace the
warm & hot dust plus high resolution synthetic stel-
lar templates from the Phoenix library (Husser et al.
2013) to account for the stellar light. We used a to-
tal of 370 stellar templates from the Phoenix library.
We selected the properties of the stars using Padova
isochrones (Marigo et al. 2017) with metallicities of
Z = 0.019 and Z = 0.05 appropriate for typical nu-
clear star clusters (e.g. Walcher et al. 2006; Seth et al.
2010; Kacharov et al. 2018) and with stellar ages rang-
ing from 4 Myr to 12.6 Gyr years. For each individual
object a set of templates was selected by fitting the me-
dian spectrum within 1” aperture in a wavelength range
of 2.15 − 2.4 µm. A night-sky mask from the night-sky
spectral atlas (Rousselot et al. 2000) was used during
the fitting to remove any sky line residuals. Burtscher
et al. (2015) used a single stellar template to fit the spec-
trum of similar K-band data and found fluxes that were
in good agreement with the fluxes obtained as those de-
rived from dilution of the CO bandhead.
An example of the fit for the central pixel of NGC404
is shown in Figure 2. The observed spectrum (red) is
modeled with the combination of a mix of stellar tem-
plates (grey) and a mix of blackbody templates with an
equivalent temperature of 949 K(green). Typically in
pPXF a polynomial term is used during the fitting pro-
cess to account for differences in the continuum between
the templates and the data. However, here we have set
this polynomial term to zero to enable us to use the con-
tinuum slope to model the thermal AGN emission using
our blackbody templates. We fit each spatial pixel in
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Figure 1. The CO bandhead absorption line depth is
plotted against the fitted slope of the continuum between
(2.05− 2.28 µm) for each pixel in the IFU map, with larger
values indicating redder slopes. Pixels are colored by their
radii. The CO bandhead line depth is calculated following
the definition in Kleinmann & Hall (1986). For stellar pho-
tospheres we expect a correlation between these quantities,
while the presence of hot dust should redden the slope and
weaken the lines. The center of both galaxies (purple pixels)
show a deviation towards redder continuua and weaker CO
lines as expected for a thermal AGN component. To quan-
tify this, the arrow shows how the line depth and continuum
of the spectra of the central pixel changes when subtracting
the blackbody component from the fit (see figure 2). The ar-
row brings back the central pixel to the slope and CO depth
values for data at larger radii, consistent with thermal AGN
emission see section 3.4.
the data cube to create a map, such as the one shown
in the left-hand panel in Fig. 3.
We find very small formal uncertainties in these hot
dust measurements. We performed Monte Carlo simula-
tions based on the variance images obtained during the
reduction process described in 2.1. The uncertainties
in individual pixel fluxes were very small, of order 2%.
Given this very small formal uncertainty, we expect that
template mismatch and our assumed models dominate
Figure 2. Spectral fit of our Gemini/NIFS data in NGC404
to decompose the stellar and AGN continuum emission.
This example shows just the central 0.′′05 pixel spectrum
(red), and its decomposition using the stellar template fit-
ting method described in Section 3.2. The y-axis represent
the relative flux per unit of wavelength. The observed spec-
trum (red) has a shallower continuum slope than the best
fit stellar template (grey); this is due to a non stellar ther-
mal emission shown in green. These two components add to
create the best-fit model (black).
the uncertainty in our measurements. To account for
these systematic errors in our fitting, we fitted the spec-
tra at each pixel using a subset of the templates; (1)
We fixed the blackbody temperature to the minimum
or maximum temperature possible (600 K or 1500 K)
using a single blackbody template, repeated the fitting
and saved flux on a list. (2) We fixed the stellar pop-
ulation by using a single stellar template, repeated the
fitting using all the blackbody templates and saved the
flux on a list. Thus, at each pixel we get a list of possible
hot dust fluxes, with the standard deviation providing
an estimate of the systematical error in our fluxes. The
systematic errors are of the order of 20% and thus are
much greater than statistical errors. We quote these
systematic errors in our tables and on our plots.
The left-hand panel of Figure 3 shows a map of the
hot dust fluxes in each pixel of the data cube in two
of our galaxies (similar plots are available for all galax-
ies in the Appendix). The flux at each pixel was ob-
tained by the best-fit blackbodies over the bandwidth
1.99−2.43µm; fuchsia contours enclose the pixels where
S/N > 3, i.e. where the systematic error determined
above was smaller than 33% of the mean best fit flux.
The K-band (1.99 − 2.43 µm) hot dust luminosities are
shown in table 3. These fluxes are calculated over the
inner 0.′′3 radius.
3.3. Annular Method
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(a) (b)
Figure 3. Summary of our hot dust fitting results for two example galaxies.Left & Right: The pixels show the flux in the hot
dust maps determined using the template method (left), and annular method (right). The overlaid fuchsia contours represent
the pixels where the fluxes are 3× above the error (see Section 3.2 and 3.3). The color indicates the hot dust flux in erg s−1 cm−2
at each pixel; this was obtained by integrating the best-fit blackbody between 1.99− 2.43 µm.
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For some objects, we found the templates did not pro-
vide a good fit to the stellar spectra even at large dis-
tances from the center. We therefore also did an SED
decomposition of the spectra using a stellar template
obtained from an annular radius of 0”.5 for each galaxy.
The stellar template in this case will include any uniform
errors in the flux calibration or sky subtraction across
the NIFS field of view. This allowed us to get a better
fitting for a few objects that the synthetic stellar tem-
plates did not give a good fit. This method assumes that
the stellar population in the center is the same as in the
annular template and the difference in the slope of the
continuum arise from thermal emission. This method
was previously used by (Seth 2010; Seth et al. 2010) to
determine the thermal emission in M32 and NGC404.
As in the templates method, we run Monte Carlo sim-
ulations to account for statistical errors and systematic
errors. However, in this case, for our systematic error de-
termination we can only vary the blackbody templates,
not the stellar templates. As in the templates method,
the formal statistical errors in the hot dust fluxes are
very small, and the we use the standard deviation of the
fluxes fit using varying blackbody temperatures as our
error. The map determined using this method in two
objects is shown in right-hand panel of Figure 3. The
final fluxes are given in Table 3 for a 0.′′3 radius aperture
around the center.
3.4. Robustness of Detection and Final NIR Fluxes
Our fits thus far have been model-dependent, assum-
ing the presence of a hot dust component. This is moti-
vated by the fact that in many galaxies, stellar or annu-
lar templates alone do a poor job of fitting the central
spectra; the slope of the central spectrum is too red .
Figure 4 shows the goodness-of-fit for the inner 0.′′3 with
and without including the blackbody templates. In all
cases a better fit is obtained when including a blackbody
template.
As described in section 3.1 if this emission is due to
AGN continuum from hot dust emission (or any other
continuum source), the redder slopes are also associated
with a dilution in the depth of the CO bandhead ab-
sorption lines. We can therefore assess the robustness
of the presence of thermal emission based on whether or
not we observe an anti-correlation the continuum vs. CO
bandhead depth plots shown in Figure 1. To help guide
our understanding, we also take the best-fit model of
the central pixel and observe how the slope and CO
bandhead depth changes after subtracting off the best-
fit blackbody component. This is shown as an arrow in
Figure 1. We use the presence of this anti-correlation
to test the robustness of our detections; this informa-
Figure 4. Comparison of goodness-of-fit for the best fitting
method with and without blackbody templates. The y-axis
shows the difference between the average reduced χ2 over
the inner 0.′′3 with and without blackbody templates versus
the average reduced χ2 over the inner 0.′′3 with blackbody
templates. In all the objects we obtain a better fit when
including blackbody templates.For our number of degrees of
freedom (∼1500 per spectra, 60 independent spectra in our
0.′′3 aperture), the difference in average reduced χ2 for an
individual spectrum corresponding to a 1/3σ difference is
0.005/0.013, thus the model with a blackbody component is
preferred in all the fits. For M32, NGC4486 & NGC4258 the
average reduced χ2 without blackbody templates are 8.75,
13.7 & 59.3 respectively and they are shown with a vertical
arrow for convenience.
tion is included in Table 3. Of the 15 galaxies, 14 were
found to be robust detections, with only the detection in
NGC 821 not showing a clear anti-correlation signature
in the continuum vs. CO bandhead depth plots. We also
show the case of NGC205 in figure 5, where we find no
evidence of AGN activity. NGC205 is not in our sam-
ple because despite dynamical evidence for a ∼104 M
BH, the upper limit on the X-ray emission is <3×1035
ergs s−1 (Nguyen et al. 2019). Our non-detection is
therefore consistent with these observations.
To decide which method provided a better estimate of
the thermal AGN flux we show a goodness-of-fit com-
parison in Figure 6. The reduced χ2 values shown are
averaged over the inner 0.′′3. In general, the annular
method provides better fits, however this method was
not possible in M60-UCD1 due to the lack of flux at
large radii, and the template method provided better
fits in a handful of objects. In the case of NGC821 &
NGC4552 the templates method was not able to pro-
duce a good fit to the spectra, due to strong mismatch
in the continuum, and a hot dust NIR flux estimate was
possible only with the annular method, where this differ-
ence was not present (Figure 10). Figure 7 shows that
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Figure 5. The CO bandhead absorption line depth of
NGC205 is plotted against the fitted slope of the continuum
between (2.05−2.28µm) for each pixel in the IFU map, with
larger values indicating redder slopes. Pixels are colored by
their radii. No Anti-correlation associated with AGN activ-
ity is observed, for more details see 1.
the fluxes between the objects are typically consistent
between the two methods, especially in the cases where
both methods provide robust estimates. For each galaxy
we use the final fluxes from the method that provides a
better reduced χ2, and list this final flux in bold in Ta-
ble 3. Also listed in Table 3 is the fraction of light in
hot dust within our 0.′′3 radius aperture (i.e. the hot
dust-to-total flux ratio). The median hot dust fraction
is just 0.03 (with a full range of 0.02 to 0.62); this shows
that despite the high luminosities we find in the dust in
these galaxies, they represent just a small fraction of the
nuclear emission in almost all cases. As another check
on our fluxes obtained from our pixel-by-pixel analysis,
we derived the thermal AGN flux for the summed spec-
trum in an aperture of 0.′′3. We find a small bias towards
smaller fluxes with a median difference of 0.3 dex. This
bias is within the typical flux errors for our best-fit hot
dust NIR AGN fluxes, and has a minimal affect on the
relation between the NIR and nuclear 2-10 keV X-ray
luminosity and the ratio of these fluxes to the Edding-
ton ratio that we present in Section 4. The small hot
dust fractions even in the 0.′′3 aperture explain why hot
dust emission has not been found from seeing limited
spectroscopic data in similar LLAGN. For instance, the
hot dust fraction in NGC 4258 is 0.22 (22%) for our 0.′′3
radius aperture, but for a 1′′ radius aperture, the frac-
tion of light coming from the hot dust emission drops
to just 6% making it significantly more challenging to
spectrally decompose.
Figure 6. Comparison of the goodness-of-fit for the two hot
dust fitting methods used in this paper. The axes shows the
average reduced χ2 for the inner 0.′′3 for both the annular
and template methods described in Section 3. For our fi-
nal results, we use the best-fitting method for each object.
The significance of a detection is quantified by taking the
standard deviation of the fluxes from the systematic error
tests described in Section 3.2. We consider objects with
fluxes >3× this standard deviation as robust detection, but
in some cases these 3σ detections were made only in one
of the two methods as indicated by the plot symbols. The
hollow marker indicates an object that doesn’t show a clear
hot dust CO bandhead-color anti-correlation (as in the right
panels of Fig. 3). Due to the compact size of M60-UCD1,
no annular method was possible, therefore we have placed it
along the templates axis. The values of the average reduced
χ2 for NGC4395 are 2.4 & 8.7 for Annular & Templates
method respectively and are not shown in the figure. This
AGN/hot dust dominated galaxy shows no visible CO band-
head absorption (den Brok et al. 2015), and thus neither of
our fitting methods achieve good fits.
Three objects in our sample have previous NIR (K-
band) flux estimates. NIR luminosities from Seth et al.
(2010) and Seth (2010) for NGC404 and M32 are in
good agreement with our luminosities within our er-
rors; this is unsurprising given the identical data and
similar methods used. A more independent estimate is
available for NGC4486 from Burtscher et al. (2015); as-
suming a distance of 16.7 Mpc, their NIR luminsoity is
log10(LNIR) = 41.28; this is slightly above the 1σ errors
we estimate, however we note that this estimate was
made using a larger aperture and this galaxy is known
to host extended jet emission (Gebhardt et al. 2011).
Overall, our measurements appear to be consistent with
previous estimates.
4. LLAGN IN THE NIR AND THEIR RELATION
WITH BOLOMETRIC LUMINOSITY
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Table 3. NIR luminosities
Galaxy name log(LK) (Templates) log(LK) (Annular) Clear AGN Tdust log(Lbol) Required Av σPSF Hot dust Best-fit
(erg/s) (erg/s) signature (K) (erg/s) mag ′′ fraction method
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
M32 36.100.370.21 37.45
0.37
0.21 Y es 800
23
23 38.78
0.05
0.05 2.2 0.127 0.03 A
M60-UCD1 38.820.510.15 − Y es 1099127127 39.790.190.22 5.3 0.081 0.07 T
ngc404 38.280.420.08 38.64
0.39
0.24 Y es 949
160
160 39.74
0.28
0.34 4.4 0.068 0.07 A
ngc4762 38.261.250.09 39.36
0.54
0.27 Y es 615
67
67 41.24
0.20
0.23 2.9 0.076 0.02 A
ngc4434 39.200.540.16 39.71
0.39
0.10 Y es 900
50
50 40.31
0.09
0.10 3.4 0.084 0.03 T
ngc821 − 39.860.470.14 No 944148148 40.980.260.31 1.7 0.111 0.02 A
ngc4736 37.840.290.10 38.56
0.42
0.25 Y es 606
32
32 40.47
0.10
0.11 4.3 0.078 0.02 A
ngc4339 38.740.610.21 39.24
0.35
0.01 Y es 1033
33
33 39.77
0.05
0.05 2.6 0.078 0.02 T
ngc4486B 37.931.070.16 39.31
0.53
0.14 Y es 869
180
180 40.53
0.34
0.44 0.9 0.134 0.03 A
ngc4552 − 39.680.510.14 Y es 929140140 40.820.250.30 1.9 0.129 0.03 A
ngc4395 38.500.550.14 38.60
0.30
0.21 Y es 718
118
118 40.13
0.29
0.35 7.0 0.057 0.29 A
M104 39.650.250.05 39.78
0.35
0.21 Y es 801
83
83 41.12
0.10
0.21 2.0 0.107 0.03 A
ngc4486 40.780.430.17 40.90
0.26
0.31 Y es 1458
60
60 41.74
0.07
0.07 13.7 0.096 0.62 T
ngc4258 39.790.280.26 39.86
0.25
0.31 Y es 1351
139
139 40.72
0.17
0.19 20.7 0.061 0.22 A
ngc3393 40.710.330.21 40.81
0.21
0.13 Y es 1477
39
39 41.66
0.04
0.04 5.8 0.179 0.20 T
Note—Summary of NIR hot dust AGN luminosities. Bold luminosities correspond to our best-fit estimation. Column (8) shows
the best-fit method with a “T” or “A” corresponding to Templates or Annular method resp. . Column (2) and (3) refer to the
total luminosity from 1.99-2.43µm. Column (4) “Yes” indicates the galaxy has a clear CO-bandhead – color anti-correlation
as expected for an AGN. Column (6) is the bolometric luminosity of the hot dust component for the best-fit temperature and
K-band luminosity. Column (7) corresponds to the necessary Av extinction that is required to produce the reddening of the
data to mimic the change in the slope of the continuum within the central 0.′′1 of each galaxy (see Section 5). Column (8)
shows the width (σPSF ) of the best-fit Gaussian function used to estimate the PSF, as explained in Section 2.3 .Column (9)
shows the fraction of the total luminosity in a 0.′′3 radius aperture coming from hot dust emission.
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Figure 7. Comparison of hot dust luminosities obtained
with the template and annular fitting methods. The lumi-
nosities were obtained by integrating the best-fit blackbody
between 1.99 − 2.43 µm. Our errors are dominated by sys-
tematics in the fitting (Section 3.2). The errors shown here
are based on the standard deviation of the fluxes obtained
during permutations of the templates and blackbodies. The
data points are labeled as described in Fig. 6. The objects on
the axes (e.g. M60-UCD1,NGC821 & NGC4552) only have
fluxes determined using one of the two methods.
Since the thermal AGN emission arises from repro-
cessing of more energetic photons, a correlation between
the nuclear 2-10 keV X-ray nuclear and NIR fluxes is
expected. This correlation has been observed in pre-
vious works for more luminous AGNs (Quillen et al.
2001; Alonso-Herrero et al. 2001; Burtscher et al. 2015;
Mu¨ller-Sa´nchez et al. 2018). Figure 8 shows the corre-
lation for NIR and nuclear 2-10 keV X-ray luminosities
and fluxes for our data – we include all 15 galaxies, but
code the data points according to the robustness of their
detections, with magenta points being the most robust.
Small data points represent data from previous works
(Burtscher et al. (2015) (circles) and Mu¨ller-Sa´nchez
et al. (2018) (squares)) and are colored by AGN type.
The most notable feature of this plot is that our sample
extends the luminosities down 3 orders of magnitude in
2-10 keV X-ray luminosity and 4 orders of magnitude in
NIR luminosity. In addition our sample seems to follow
a shallower correlation than more luminous AGN, sug-
gesting a higher luminosity in the NIR relative to the
previous correlation found by Burtscher et al. (2015).
We quantify the correlation in the log luminosities
using linear regression and find:
logLnir,40 = (0.50
0.11
0.11) · logL2−10keV X−ray,40 + 0.490.100.10
(1)
Where LNIR,40 =
LNIR
1040 (erg/s) and L2−10keV X−ray,40 =
L(2−10keV X−ray
1040 (erg/s) . The fluxes obtained from the spec-
tra summed over the inner 0.′′3 give a nearly identical
slope (0.51). We also investigate the correlation in
the fluxes in the the right panel in Figure 8. This
provides stronger evidence of a physical link between
NIR & 2-10 keV X-ray than the luminosity correla-
tion, since objects with uncorrelated fluxes could have
correlated luminosities due to the distance dependence
of the luminosities. To quantify the strength of the
flux correlation we obtained a Spearman coefficient;
the value of rspearman=0.69, suggesting a >99% signif-
icance of correlation (an α < 0.01 for N = 15). This
estimate does not take into account the errors on the
NIR fluxes; however if we bootstrap with resampled
errors, the correlation remains significant at the ∼97%
level. Combined with the NIR emission being confined
to the nucleus, we regard this correlation as strong ev-
idence that our observed NIR continuum emission has
an AGN origin.
The change in AGN SED with Eddington ratio may
reveal changes in the physical structure of LLAGN. Fig-
ure 9 shows the relation of the residual of the NIR to 2-10
keV X-ray versus the Eddington ratio (log(Lbol/Ledd)).
We estimated the bolometric luminosity of the AGN by
assuming a bolometric correction to the (2-10 keV) lu-
minosity of 16 ·L2−10keV Ho (2008). We note that this
relation has a large scatter with an interquartile range
of 9.6. The Eddington luminosities were based on the
dynamical BH masses listed in Table 1.
We find a clear result that the ratio of NIR to 2-10
keV X-ray luminosities increases at lower Eddington
ratios. To quantify this increase, we fit a line shown in
grey for our sample as well as objects in the literature
where BH mass estimates exist and found:
log(
LNIR
L2−10keV X−ray
) = −0.260.050.05 ·(
Lbol
LEdd
)−1.030.080.08 (2)
In this case, the NIR luminosities from the spectra
summed over the inner 0.′′3 is a bit shallower (−0.251),
but consistent within the errors. From this relation,
we find that the NIR K-band luminosity outstrips the
2-10 keV X-ray luminosity at Lbol/Ledd ≤ −4. While
we don’t have a clear physical picture for the cause of
this increase in NIR emission at lower Eddington ratios,
there are a couple of plausible explanations:
• The accretion mechanism and/or geometry could
be changing, creating increased NIR reprocessing
of disk emission (e.g. a more spherical dust distri-
bution). To our knowledge, the expected infrared
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Figure 8. The correlation between the NIR and 2-10 keV X-ray luminosities and fluxes. The left panel shows the luminosity in
the NIR (Table 3) versus the 2-10 keV X-ray luminosity (Table 1). A best-fit regression to our data is shown in fuchsia. This
regression includes AGNs of all types (both Types 1 and 2). Small points show data from Mu¨ller-Sa´nchez et al. (2018) (squares)
and Burtscher et al. (2015) (circles) for higher luminosity systems colored by AGN type. Our sample is on average 3-4 orders
of magnitude less luminous in the 2-10 keV X-ray and NIR than previous samples. Separate fits to Seyfert I & II galaxies by
Burtscher et al. (2015) are shown as red and blue lines; these are both steeper than the relation we find for our lower-luminosity
sample. The right panel shows the correlation between our best NIR vs 2-10 keV X-ray fluxes. A correlation in fluxes provides
stronger evidence for physical connection than a luminosity correlation, which can be created just by the distance dependence
of the luminosity.
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SED of a RIAF model has not yet been published
in the literature.
• The NIR emission could arise from a cold accretion
disk (AD) instead of being produced by dust repro-
cessing. Laor & Davis (2011) found that the tem-
perature of the accretion disk decreases at lower
Eddington ratios, and that objects with Lbol/Ledd
≤ −6 have disk temperatures of ∼ 3000K, there-
fore the peak emission for the AD will be in the
NIR instead of the UV. For the AD to be the mech-
anism powering the LLAGNs, the inner radius of
the AD needs to be a few tens of the gravitational
radius (rg = GM/c
2) to produce a significant flux.
This cold accretion disk scenario was at least par-
tially confirmed in one LLAGN recently (Bianchi
et al. 2019).
• Jet emission could start contributing increas-
ingly to the NIR emission at these low accre-
tion rates. Models showing strong jet emission
in NGC4486/M87 have been published by Prieto
et al. (2016), and in general, jet emission is ex-
pected to be increasingly important for LLAGN
(e.g. Ho 2008; Trump et al. 2011).
Regardless of the origin of this emission, the large
NIR luminosity we observe for LLAGN suggests the NIR
could serve as a more sensitive AGN indicator than X-
rays. This suggests that future observations with JWST
will reveal many faint AGN at the centers of galaxies
across cosmic history. Understanding the spectral sig-
nature of this emission will still be required to separate it
from stellar emission (e.g. Kirkpatrick et al. 2015; Satya-
pal et al. 2018).
5. ALTERNATIVE TO AGN ORIGIN
The evidence that the NIR continuum emission we
observe has an AGN origin comes primarily from the
correlation of that emission with the 2-10 keV X-ray
flux, which is a good tracer of AGN activity even to low
luminosities (e.g. Miller et al. 2012; Gallo et al. 2010).
Additionally, the NIR sources are compact and located
at the centers of each of the objects. No similar high
flux areas are seen off center. These sources are also as-
sociated with weaker CO line strengths in most objects,
and a redder continuum as expected for weaker versions
of the NIR AGN flux that we see at higher luminosities
(see Figure 1).
Despite this, we discuss other sources of NIR contin-
uum and hot dust emission, as these sources may serve
a contaminating role, especially at lower luminosities.
Obscuration from dust could produce the reddening of
the slope that we see in left panel of Figure 3, where
bluer wavelengths of the spectra will be more extincted
than redder wavelengths. An estimation of the necessary
AV to produce the reddening was estimated using the
infrared-optical extinction relation described in Cardelli
et al. (1989), the result are shown in Table 3. In general
most of these values are reasonable given the AV ∼ 30
mags seen in the Milky Way. However, dust extinction
cannot explain the weakening of the CO linestrengths
and the concentration towards the center, and thus dust
absorption is not a plausible explanation for our obser-
vations.
Another alternative scenario would be the ubiquitous
presence of enshrouded AGB stars (often called extreme
AGB stars) in the central 0.′′3 of our sample galaxies.
Normal AGB stars have strong CO bandheads, and thus
can’t be causing the signature we see. However, extreme
AGB stars can undergo significant mass loss, creating a
circumstellar envelope that obscures the photosphere.
These stars thus have the bolometric luminosity of a
bright AGB star but the temperature of the circumnu-
clear dust around them, and lack strong CO bandheads
(e.g. Blum et al. 2014), and thus match the signature
of the continuum emission we find at the centers of our
galaxies. However, these extreme AGB stars represent
only a small fraction of the AGB population (Blum et al.
2006), and a very small fraction of the K-band flux (<2%
of the K-band flux in the Magellanic Clouds; Melbourne
& Boyer 2013)
We test the possibility of extreme AGB contamina-
tion in M32, our faintest galaxy (LNIR = 2.51 ·1037 ergs ),
and one with an available dynamical mass measurement
(Nguyen et al. 2018). Given the high stellar mass of
this nucleus and the faint emission, this is the most
likely object for extreme AGB contamination. Using
the PARSEC-COLIBRI isochrones (Marigo et al. 2017;
Pastorelli et al. 2019), we have tried to estimate the min-
imum mass required to mimic the hot dust signature we
see. To be conservative and maximize the AGB lumi-
nosity, we use a 1 Gyr population and cut at J-Ks > 2 to
select extreme AGB stars (Melbourne & Boyer 2013; Pa-
storelli et al. 2019). We find the total K-band luminosity
in extreme AGB stars per unit mass of 2.0 · 1031 ergs M .
Using this, the minimum mass required to mimic this
signature is therefore 1.3 · 106 M.
We can compare this to the dynamical mass of M32.
The nucleus in M32 shows no significant gradient in color
with radius (Lauer et al. 1998), suggesting a constant
stellar population and therefore M/L. We can therefore
estimate the dynamical mass in our 0.′′3 radius aperture
by noting that it contains ∼10% of the total light of the
nuclear star cluster, and using the dynamical mass es-
timate of this cluster by (Nguyen et al. 2018) to obtain
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Figure 9. The relation between NIR and 2-10 keV X-ray luminosities residual versus Eddington ratio. The bolometric
luminosity was assumed to be 16 · L2−10keV Ho (2008). We obtained the Eddington’s luminosity based on the dynamical BH
mass listed in Table 1, only an upper limit in the BH mass is available for NGC404. The small points show previous data from
Burtscher et al. (2015) (circles) & Mu¨ller-Sa´nchez et al. (2018) (squares) and colored by AGN type; BH measurements from
Saglia et al. (2016) were used to estimate their Eddington ratios. The best-fit regression for all the objects (our sample and
previous measurements, without distinction on AGN type) is shown in grey; this suggest an excess of NIR emission at Eddington
ratio ≤ −4.
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a total mass in this aperture of ∼ 1.7 · 106 M. So it
appears feasible to explain the NIR continuum in M32
with an extreme stellar population. However, we still
prefer an AGN interpretation for the continuum emis-
sion for two reasons: (1) spectral synthesis analysis of
the ages of stars in the nucleus suggest a typical age of
4 Gyr with small fractions of the mass at younger ages
(Coelho et al. 2009), which would lead to a much lower
XAGB luminosity fraction, and (2) there is no color gra-
dient suggesting a stellar population variation within the
nucleus of M32 (Lauer et al. 1998), while the hot dust
signature is clearly confined to the central region.
Overall, we prefer the AGN interpretation for the con-
tinuum emission seen in our target galaxies given its
compactness and ubiquity, and the correlation in the
flux of this emission with the X-ray flux.
6. DISCUSSION & CONCLUSIONS
In this paper, we used Gemini/NIFS IFU adaptive op-
tics data to examine the NIR emission in 15 LLAGNs.
Most of the galaxies show a clear reddening of the con-
tinuum near the center of the galaxy. Assuming the
source of this emission is the same hot dust emission
previously seen in higher luminosity AGN, we decom-
pose the integral field data cubes into stellar and hot
dust components. We find this thermal hot dust emis-
sion is concentrated at the center, and confirm that the
CO bandhead absorption in these regions are weaker in
a majority of the objects. Furthermore, this thermal
NIR emission is correlated with the 2-10 keV X-ray in
the sources with a Spearman coefficient of rs = 0.69
indicating a >99% significance of correlation.
This work is the first to systematically look at the
NIR emission from LLAGN. The mean 2-10 keV X-ray
luminosity of our sample is 38.8 ergs/s, ∼4 orders of
magnitude below previous similar studies of the NIR
emission in AGN (Burtscher et al. 2015; Mu¨ller-Sa´nchez
et al. 2018). At these lower luminosities, we find a shal-
lower correlation between the NIR and 2-10 keV X-ray
luminosities. Furthermore, the ratio of the NIR to 2-
10 keV X-ray flux appears to increase with decreasing
Eddington ratio, suggesting a potential change in the
physical mechanism creating the NIR emission at these
lowest luminosities. There is a possibility that some of
the X-ray detections, especially at the lowest luminos-
ity end, are due to non-AGN emission (i.e. from X-ray
binaries) – in this case, the ratio of NIR to 2-10 keV
X-ray luminosities would be even higher than we find
here. These results are somewhat puzzling, considering
theoretical studies predict the torus will disappear at
low-luminosities (e.g. Elitzur & Shlosman 2006; Ho¨nig
& Beckert 2007).
The bright NIR emission seen in the lowest luminos-
ity AGN suggests that observations at these wavelengths
can be a useful tool for detecting LLAGN. The IR has
been proven to be a reliable AGN selection method us-
ing different color filters at 3.4µm, 4.6µm,12µm, 22µm
(W1,W2,W3,W4 resp.) in the Wide-field Infrared Sur-
vey Explorer (WISE) (Jarrett et al. 2011; Mateos et al.
2012; Stern et al. 2012; Hainline et al. 2016). However,
we find that typically, our sample is not detectable at
the ∼ 6′′ resolution of WISE. Although we cannot easily
evaluate the galaxy luminosity at this resolution due to
NIFS 3′′ field-of-view, we can get a lower limit on the
galaxy contribution of our AGN sources on this scale
by comparing our data on the largest scale available.
We, therefore, compared the host galaxy flux within an
aperture of 1.′′5 radius with the best-fit hot dust flux
from Table 3 at 3.4µm and 4.6µm. We assume the host
galaxy is a pure blackbody with a stellar temperature
constrained by the spectrum in the K-band (typically
∼3500K), and the hot dust emission is a blackbody with
the best-fit temperature from Table 3. We find that the
median AGN contribution in a 1.′′5 aperture is 20 & 9
times less luminous than the host galaxies stellar light at
3.4µm and 4.6µm respectively. The only case where the
AGN was brighter in a 1.′′5 aperture was in NGC4395
where the AGN component is calculated to be 1.5 & 3
times brighter than the host galaxy at 3.4µm and 4.6µm
respectively.
Looking towards the future, JWST imaging and spec-
troscopy will provide unparalleled sensitivity at wave-
lengths beyond 2µm, and will have comparable reso-
lution to the adaptive optics data we have presented
here. For an aperture of radius 0.′′3 and extrapolating
the dust and stellar components based with their black-
body curves to longer wavelengths as above, we expect
the AGN light to be dominant at wavelengths higher
than 4µm for a majority of our galaxies. Even when the
light from the AGN doesn’t dominate the SED, we ex-
pect techniques similar to those used here can be used to
separate AGN and stellar emission, especially with IFU
observations using NIRSpec and MIRI, enabling reach-
ing even fainter sources than those detected here. Ad-
ditional observations extending the wavelength coverage
of this NIR AGN emission with JWST should reveal the
physical nature of the NIR AGN emission in these lowest
luminosity systems.
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APPENDIX
Here we show the hot dust maps and the CO bandhead absorption line depth against the fitted slope of the continuum
between (2.05− 2.28 µm) for the rest of the sample.
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Figure 10. Comparison of the best fit for the central pixel of NGC821 with our two different fitting methods described in 3.2
and 3.3. The y-axis represent the relative flux per unit of wavelength.
